Searching PAJ 



PATENT ABSTRACTS OF JAPAN 



(1 l)Publication number : 2003-194820 
(43)Date of publication of application : 09.07.2003 



(51)Int.Cl. 



G01N 33/543 



G01N 21/27 



G01N 33/483 



(21 Application number : 2001-393576 
(22)Date of filing : 26.12.2001 



(7 1 Applicant : FUJI PHOTO FILM CO LTD 



(72)Inventor : YO HIROSHI 



KAGEYAMA SHIGEKI 
KOJIMA MASAYOSHI 
SUDO YUKIO 



(54) SURFACE FOR BIOSENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a metallic surface, a fixing method, its manufacturing method, and an 
analytical method using these having an easy and highly reliable processing process in a means for fixing a 
physiological active material to the metallic surface without falling off while keeping activity as much as possible by 
reducing physical adsorption and denaturation by the interaction with a hydrophobic plane. 
SOLUTION: This surface for a biosensor is composed of the metallic surface or a metallic film treated by a 
compound expressed by the following formula (1), and fixes the physiological active material by covalent bonding. 
X-A(-Y)m(- Z)n...(l). [In the formula (1), X represents a functional group capable of forming the covalent bonding 
with the metallic surface, A represents a connecting group not less than a trivalence selected from a substituted or 
unsubstituted amino acid residue, an aliphatic group, an aromatic group, a heterocyclic group or a combination of 
these, Y represents a functional group capable of bonding to the physiological active material, and Z represents a 
functional group capable of improving performance of the sensor, m and n represent each an integer of 1 or more. 
Here, the compound expressed by the formula (1) is other than cysteine]. 
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CLAIMS 

[Claim(s)] 

[Claim 1]The surface for biosensors for fixing a physiological active substance by a covalent bond which comprises 
a surface of metal or a metal membrane processed with a compound denoted by a following formula (1). 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1) and a functional group which can form a surface of metal and a covalent bond A, A 
connecting group more than trivalent [ which is chosen from amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups or such combination ] is shown, and a 
functional group which Y can combine with a physiological active substance, and Z show a functional group which 
can improve performance of a sensor, m and n show one or more integers. However, a compound denoted by a 
formula (1 ) is except cystein. ] 

[Claim 2]The surface for biosensors according to claim 1 used for non-electrochemical detection. 
[Claim 3]The surface for biosensors according to claim 1 or 2 used for surface-plasmon-resonance analysis. 
[Claim 4]X in a formula (1) A thiol (-SH), isonitrile, nitro (- N0 2 ), Selenol (~SeH), trivalent phosphorus compounds, 
an isothiocyanate, xanthate, A thio carbamate, phosphine, thio acid (-COSH), dithioic acid (-CSSH), Asymmetry or 
a symmetric disulfide [-SSA^-Y 1 ) m1 (-Z 1 ) n1 l A sulfide [-SA 1 (-Y 1 ) m1 (-z') n1 ], Diselenide [-SeSeA^-Y 1 ) m1 (-Z 1 ) 
n1 ], Or selenide [-SeA 1 (-Y 1 ) m1 ( _ Z 1 ) n1 ] is shown, and here A 1 , A connecting group more than trivalent [ which is 
chosen from amino acid residue which is not replaced / substitution or /, an aliphatic group, an aromatic group 
heterocycle groups, or such combination ] is shown, The surface for biosensors according to any one of claims 1 
to 3 which shows a functional group which Y 1 can combine with a physiological active substance, and a functional 
group in which Z 1 can improve performance of a sensor and where ml and n1 show one or more integers. 
[Claim 5]The surface for biosensors according to any one of claims 1 to 4 whose Y is -OH, -COOH, -NH 2 , -CHO, 
-NHNH 2 , -NCS, an epoxy group, or a vinyl group in a formula (1). 

[Claim 6]The surface for biosensors according to any one of claims 1 to 5 which is a functional group which can 
control denaturation or physical adsorption of analyte in which Z interacts with a physiological active substance 
combined with Y, or its physiological active substance in a formula (1). 

[Claim 7]The surface for biosensors according to any one of claims 1 to 6 whose Z is -OH, -COOH, -NH 2 , and 
-S0 3 H, alkyl ester or an aryl ester group, sugar, nucleic acid, protein, or water-soluble polymer in a formula (1). 
[Claim 8]The surface for biosensors according to any one of claims 1 to 7 whose compounds denoted by a formula 
(1) are peptide in which length which amino acid condensed contains cystein more than dipeptide in both an amino 
group of cystein, or both [ which, one of the two or ], or those derivatives. 

[Claim 9]The surface for biosensors according to any one of claims 1 to 8 which are peptide in which a compound 
denoted by a formula (1) formed a cystine derivative of a dimer by an SS linkage in peptide containing cystein of 
Claim 7, or those derivatives. 

[Claim 10]The surface for biosensors according to any one of claims 1 to 9 whose compounds denoted by a 
formula (1 ) are a reduction type, oxidized glutathiones, or those derivatives. 

[Claim 1 1]A measuring chip for biosensors produced by making the surface for biosensors according to any one of 
claims 1 to 10 carry out the covalent bond of the physiological active substance. 

[Claim 12]How to detect and/or measure a substance which interacts with a physiological active substance fixed 
by this surface for biosensors including a process at which the surface for biosensors according to any one of 
claims 1 to 10. or a measuring chip for biosensors according to claim 1 1 and an examined substance are contacted. 
[Claim 13]A method according to claim 12 of detecting and/or measuring an interaction of a physiological active 
substance and an examined substance which are fixed by the surface for biosensors with a non-electrochemical 
process. 
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[Claim 14]A method according to claim 12 or 13 of detecting and/or measuring an interaction of a physiological 
active substance and an examined substance which are fixed by the surface for biosensors by surface-plasmon- 
resonance analysis. 

[Claim 15]A process processed with mixed liquor containing a compound denoted by at least one kind of following 
formula (1) in a surface of metal or a metal membrane is included, A manufacturing method of the surface for 
biosensors for fixing a physiological active substance by a covalent bond which comprises a surface of metal or a 
metal membrane processed with a mixture containing a compound denoted by at least one kind of following 
formula (1). 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1 ) and a functional group which can form a surface of metal and a covalent bond A, A 
connecting group more than trivalent [ which is chosen from amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups or such combination ] is shown, and a 
functional group which Y can combine with a physiological active substance, and Z show a functional group which 
can improve performance of a sensor, m and n show one or more integers. However, a compound denoted by a 
formula (1) is except cystein. ] 

[Claim 16]A process which combines a physiological active substance with a compound denoted by the process; 
processed with a mixture containing a compound denoted by at least one kind of following formula (1) in a surface 
of metal or a metal membrane and this type (1) by a covalent bond via a direct or cross-linking compound or 
hydrogel is included, How to fix a physiological active substance in a surface of metal or a metal membrane. 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1) and a functional group which can form a surface of metal and a covalent bond A, A 
connecting group more than trivalent [ which is chosen from amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups or such combination ] is shown, and a 
functional group which Y can combine with a physiological active substance, and Z show a functional group which 
can improve performance of a sensor, m and n show one or more integers. However, a compound denoted by a 
formula (1) is except cystein. ] 

[Claim 17]X in a formula (1) A thiol (-SH), isonitrile, nitro (- N0 2 ), Selenol (-SeH), trivalent phosphorus compounds, 
an isothiocyanate, xanthate, A thio carbamate, phosphine, thio acid (-COSH), dithioic acid (-CSSH), Asymmetry or 
a symmetric disulfide [-SSA 1 (-Y 1 ) m1 (~Z 1 ) n1 ], A sulfide [-SA 1 (-Y 1 ) ^(-Z 1 ) n1 ], Diselenide [-SeSeA'(-Y 1 ) m1 (-Z 1 ) 
n1 l Or selenide [~SeA 1 (-Y 1 ) m i(~Z 1 ) n1 ] is shown, and here A 1 , A connecting group more than trivalent [ which is 
chosen from amino acid residue which is not replaced / substitution or /, an aliphatic group, an aromatic group 
heterocycle groups, or such combination ] is shown, A way according to claim 1 5 or 1 6 a functional group which Y 1 
can combine with a physiological active substance, and a functional group in which Z 1 can improve performance of 
a sensor are shown, and ml and n1 show one or more integers. 

[Claim 18]A way according to any one of claims 15 to 17 Y is -OH, -COOH, -NH 2 , -CHO, -NHNK,, -NCS, an 
epoxy group, or a vinyl group in a formula (1 ). 

[Claim 1 9]A way according to any one of claims 1 5 to 1 8 Z is -OH, -COOH, -NH 2 , and -S0 3 H, alkyl ester or an 
aryl ester group, sugar, nucleic acid, protein, or water-soluble polymer in a formula (1). 

[Claim 20]A way according to any one of claims 15 to 19 compounds denoted by a formula (1) are peptide in which 
length which amino acid condensed contains cystein more than dipeptide in both an amino group of cystein, or 
both [ which, one of the two or ], or those derivatives. 

[Claim 21 ]A method according to claim 20 of being peptide in which a cystine derivative in which a compound 
denoted by a formula (1) formed a dimer by an SS linkage in peptide containing cystein of Claim 20 was formed, or 
those derivatives. 

[Claim 22]A way according to any one of claims 1 5 to 21 compounds denoted by a formula (1 ) are a reduction type, 
oxidized glutathiones, or those derivatives. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The surface for biosensors consisting of the surface of metal or metal membrane processed 
with the linker compound which can combine this invention with a physiological active substance, It is related with 
the measuring chips for biosensors which fixed the physiological active substance on this surface for biosensors, 
those manufacturing methods, and the measuring method using them. 
[0002] 

[Description of the Prior Art]Although many measurement which used intermolecular interactions, such as 
immunoreaction, by the clinical laboratory test etc. is performed now, in the conventional method, some technology 
in which coupling amount change of a measuring substance is detectable to high sensitivity is used, without 
needing a marker, since complicated operation and marker are needed. For example, they are surface-plasmon- 
resonance (SPR) measuring technique, crystal oscillator microbalance (QCM) measuring technique, and the 
measuring technique that uses the functionalization surface from a golden colloidal particle to an ultrafine particle. 
By measuring and asking for change of reflected light quantity [ in / for the refractive index change near / which 
touches the metal membrane of a chip / the organic functional membrane / the peak shift or fixed wavelength of 
reflected-light-waves length ], SPR measuring technique is the method of detecting the adsorption and desorption 
which take place near the surface. QCM measuring technique is the technology in which adsorption- 
and-desorption mass is detectable from the frequency change of the radiator by the adsorption and desorption of 
the substance on the gold electrode (device) of a crystal oscillator on ng level. Detection of a living body related 
substance can be performed from sedimentation of golden particles, and arrangement by making the golden 
ultrafine particle (nm level) surface functionalize, fixing a physiological active substance on it, and making the 
unique recognition reaction between physiological active substances perform. 

[0003]In the case of which, in all the above technology, the surface which fixes a physiological active substance is 
important. Hereafter, this technical field explains by making into an example surface plasmon resonance (SPR) 
currently used most. 

[0004]The measuring chip generally used consists of a transparent base (for example, glass), a vapor-deposited 
metal membrane, and a thin film which has a functional group which can fix a physiological active substance on it, 
and fixes a physiological active substance in a surface of metal via the functional group. The interaction between 
biomolecules is analyzed by measuring the specific ligation reaction between this physiological active substance 
and analyte. 

[0005]As a thin film which has a functional group which can fix a physiological active substance, The measuring 
chip which fixed the physiological active substance using the compound which has a functional group combined 
with metal, a linker whose atomic number of chain length is ten or more, and a functional group combinable with a 
physiological active substance is reported (see the patent No. 2815120). 

[0006]However, the un-unique combination by the physical adsorption on ligand (or analyte) and the surface of an 
organic layer has bad influence on the sensitivity of a chip. That is, when a physiological active substance is fixed 
by the metal membrane, it is not only fixed only by the covalent bond of the purpose, but a physiological active 
substance is selectively fixed by physical adsorption. If protein is fixed by physical adsorption to a gold surface, 
protein will denaturalize easily. There is a problem of dropping out during measurement, as compared with 
immobilization by a covalent bond. In order that these problems might bring about the sensitivity lowering of 
measurement, and degradation of reproducibility as a result, a measure for abolishing unnecessary physical 
adsorption was desired. 

[0007]Some methods are adopted in order to solve this problem. For example, the method of controlling physical 
adsorption has also been used for a surface of metal by fixing the hydro-gel of hydrophilic nature via a linker (see 
the patent No. 2815120, US,5436161,B, and JP,H8-193948,A). However, since immobilization of hydro-gel was not 
easy for this method, various users doubled with their purpose and were not suitable for performing a surface 
treatment. When hydro-gel was used and the analyte (analyte) of the amounts of polymers, such as a cell, was 
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measured, there was a problem that analyte could not invade into the crevice between matrices. 

[0008]In immunochemistry analysis using a plastic plate as a method of on the other hand reducing the un-unique 

combination by physical adsorption of a physiological active substance, what is called blocking by bovine serum 

albumin etc. has been used. When DNA which thiol— ized the end is fixed in a metal membrane in the analysis 

method using a surface of metal and it produces the DNA sensor using SPR, by adding 6-hydroxy-1-heptanethiol, 

Nonspecific adsorption does not happen but it is reported that purpose DNA is detectable by high sensitivity (see 

US,5942397,B and J.Am.Chem.Soc, 1997, 119, and 8916-8920). Simultaneous mixing of biotin and 11-hydroxy- 

1-undecanethiol which were thiol-ized is carried out, and controlling un-unique combination and detecting a 

reaction with SUTOREPUTOBIJIN is reported (J. refer to Am.Chem.Soc, 1999, 121, and 6469-6478). 

[0009] However, these methods also have the following problem. Namely, these aim nonspecific adsorption of an 

analysis target subject (analyte) at control. 

Solution over a problem about unnecessary denaturation or omission of a physiological active substance by some 
physiological active substances fixed carrying out physical adsorption is not given. 

Composition of the derivative of the physiological active substance which can carry out immobilization directly is 
not easy for a surface of metal. Since, as for SAM using these two ingredients, there is a problem in homogeneity 
or reproducibility in the production, it is single components and a surface of metal with little denaturation and 
physical adsorption of a physiological active substance is desired. 

[0010]The example which uses the compound of a short chain is shown as SAM of one ingredient (Biosensor & 
Bioelectronics, 1998 and 13, 1213-1225). Cystein was contained in the example and immobilization more stable 
than fixing by physical adsorption directly in a surface of metal without SAM was attained for it by carrying out the 
covalent bond of the immunoglobulin using the carboxyl group. However, in this report, reference is not made about 
the effect that the functional group of the hydrophilic nature which exists in cystein controls protein denaturation. 
These problems exist not only like surface-plasmon-resonance (SPR) technology but like QCM technology and 
gold-ultrafine-particles technology. 
[0011] 

[Problem to be solved by the invention]The issue which this invention tends to solve is canceling the problem of 
the above-mentioned conventional technology. Namely, this invention makes a surface of metal reduce 
denaturation according [ almost all molecules ] a physiological active substance to an interaction with physical 
adsorption or a canal flat surface, and has maintained activity at it as much as possible. It is a means for fixing, 
without dropping out, and the processing process made it the issue which should be solved to provide a simple and 
reliable surface of metal and fixing method, its manufacturing method, and the analytical method using them. 
[0012] 

[Means for solving problem]In order that this invention persons may solve an aforementioned problem, as a result 
of inquiring wholeheartedly, when a physiological active substance is fixed in a surface of metal, a physiological 
active substance with the functional group for joining together via a covalent bond, By processing a surface of 
metal to the same intramolecular with the compound which has a functional group which controls physical 
adsorption and denaturation of a physiological active substance, and making a physiological active substance react 
to it after that, it finds out that a physiological active substance is stably fixable in a surface of metal via a covalent 
bond, and came to complete this invention. It was found out that the bio sensor chip produced using this surface 
also reduces the conventional problem. When the surface which processed the surface of metal with the peptide 
which contains cystein or cystine especially, or its derivative was used, rather than the surface processed by a 
cystein independent, reappearance was simply good and it was found out that a physiological active substance is 
stably fixable in a surface of metal via a covalent bond. 

[0013]That is, according to this invention, the surface for biosensors for fixing a physiological active substance by 
a covalent bond which comprises the surface of metal or metal membrane processed with the compound denoted 
by a following formula (1) at least is provided. 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1 ) and the functional group which can form a surface of metal and a covalent bond A, The 
connecting group more than trivalent [ which is chosen from the amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups, or such combination ] is shown, and 
the functional group which Y can combine with a physiological active substance, and Z show the functional group 
which can improve the performance of a sensor, m and n show one or more integers. However, the compound 
denoted by a formula (1) is except cystein. ] 

[0014]The surface for biosensors of this invention is preferably used for non-electrochemical detection, and is 
especially used for surface-plasmon-resonance analysis preferably. In a formula (1), X preferably A thiol (-SH), 
isonitrile, Nitro (-N0 2 ), selenol (-SeH), trivalent phosphorus compounds, An isothiocyanate, xanthate, a thio 

carbamate, phosphine, Thio acid (-COSH), dithioic acid (-CSSH), asymmetry, or a symmetric disulfide [~SSA 1 (-Y 1 ) 
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m1 (-Z 1 ) n1 ], A sulfide [-SA 1 (-Y 1 ) ^(-Z 1 ) n1 ], Diselenide [-SeSeA 1 (~Y 1 ) m1 (~Z 1 ) n1 ], Orselenide [-SeA'(-Y 1 ) 
m1 (-Z 1 ) n1 ] is shown, and here A 1 , The connecting group more than trivalent [ which is chosen from the amino acid 
residue which is not replaced / substitution or /, an aliphatic group, an aromatic group, heterocycle groups, or such 
combination ] is shown, The functional group which Y 1 can combine with a physiological active substance, and the 
functional group in which Z 1 can improve the performance of a sensor are shown, and ml and n1 show one or 
more integers. 

[0015]Preferably, in a formula (1), Y is -OH, -COOH, -NH 2 , -CHO, -NHNH 2 , -NCS, an epoxy group, or a vinyl 
group. Preferably, in a formula (1), Z is a functional group which can control the denaturation or physical adsorption 
of analyte which interacts with the physiological active substance combined with Y, or its physiological active 
substance. Preferably, in a formula (1), Z is -OH, -COOH, -NH 2 , and -SO3H, alkyl ester or aryl ester, sugar, nucleic 
acid, protein, or water-soluble polymer. 

[001 6]Preferably the compound denoted by a formula (1) to both the amino group of cystein, or both [ which, one 
of the two or]. The peptide in which the length which amino acid condensed contains the cystein more than 
dipeptide, or those derivatives, Or the compounds whose peptide containing those cysteins is the peptide which 
formed the cystine derivative of the dimer by the SS linkage, or those derivatives and which are denoted by a 
formula (1) are a reduction type, oxidized glutathiones, or those derivatives still more preferably. [001 7]According 
to another side of this invention, the measuring chip for biosensors produced by making the surface for biosensors 
of above-mentioned this invention carry out the covalent bond of the physiological active substance is provided. 
According to another side of this invention, the method of detecting and/or measuring the substance which 
interacts with the physiological active substance fixed by this surface for biosensors including the process at 
which the surface for biosensors or the measuring chip for biosensors, and examined substance of above- 
mentioned this invention are contacted is provided. The interaction of the physiological active substance and 
examined substance which are fixed by the surface for biosensors is preferably detected and/or measured by a 
non-electrochemical process, and preferably especially, The interaction of the physiological active substance and 
examined substance which are fixed by the surface for biosensors is detected and/or measured by surface- 
plasmon-resonance analysis. 

[001 8]According to another side of this invention, the process processed with the mixture containing the 
compound denoted by at least one kind of following formula (1) in a surface of metal or a metal membrane is 
included, The manufacturing method of the surface for biosensors for fixing a physiological active substance by a 
covalent bond which comprises the surface of metal or metal membrane processed with the mixture containing the 
compound denoted by at least one kind of following formula (1) is provided. 
X-A(-Y) m (-Z) n <1) 

X is shown in [type (1 ) and the functional group which can form a surface of metal and a covalent bond A, The 
connecting group more than trivalent [ which is chosen from the amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups, or such combination ] is shown, and 
the functional group which Y can combine with a physiological active substance, and Z show the functional group 
which can improve the performance of a sensor, m and n show one or more integers. However, the compound 
denoted by a formula (1) is except cystein. ] 

[001 9]According to another side of this invention, a surface of metal or a metal membrane, The process which 
combines a physiological active substance with the compound denoted by the process; processed with the mixture 
containing the compound denoted by at least one kind of following formula (1) and this type (1) by a covalent bond 
via a direct or cross-linking compound or hydrogel is included, The method of fixing a physiological active 
substance in a surface of metal or a metal membrane is provided. 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1 ) and the functional group which can form a surface of metal and a covalent bond A, The 
connecting group more than trivalent [ which is chosen from the amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups, or such combination ] is shown, and 
the functional group which Y can combine with a physiological active substance, and Z show the functional group 
which can improve the performance of a sensor, m and n show one or more integers. However, the compound 
denoted by a formula (1) is except cystein. ] 
[0020] 

[Mode for carrying out the invention]Hereafter, an embodiment of the invention is described. The surface for 
biosensors of this invention comprises the surface of metal or metal membrane processed with the mixture 
containing the compound denoted by at least one kind of following formula (1). 
X-A(-Y) m (-Z) n (1) 

X is shown in [type (1) and the functional group which can form a surface of metal and a covalent bond A, The 
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connecting group more than trivalent [ which is chosen from the amino acid residue which is not replaced / 
substitution or /, an aliphatic group, an aromatic group, heterocycle groups, or such combination ] is shown, and 
the functional group which Y can combine with a physiological active substance, and Z show the functional group 
which can improve the performance of a sensor, m and n show one or more integers. However, the compound 
denoted by a formula (1) is except cystein. ] 

[0021 ]The surface for biosensors of this invention is manufactured by processing with the mixture containing the 
compound denoted by at least one kind of following formula (1) which defines a surface of metal or a metal 
membrane as this Description. The metal membrane is preferably arranged on the substrate. Here, it is [ "it is 
arranged on a substrate", and ] a meaning also including the case where it is arranged via other layers, without a 
metal membrane besides in the case of being arranged so that a metal membrane may carry out direct contact on 
a substrate carrying out direct contact to a substrate. 

[0022]When a metal membrane is arranged on a substrate, a measuring chip for biosensors of this invention is 

provided with the following. 

Substrate. 

A metal membrane formed on a substrate. 

A linker layer formed on a metal membrane (a compound shown by the general formula I is comprised). 

[0023]As a substrate which can be used by this invention, for example, when the object for surface-plasmon- 
resonance biosensors is considered, As long as it is used for the fixing method, what kind of thing may be used, 
and what generally consists of a transparent material to laser beams, such as glass, polyethylene terephthalate, and 
polycarbonate, can be used. Such a substrate has a desirable material which did not show anisotropy to 
polarization and was excellent in processability preferably. Although the thickness in particular of a substrate is not 
limited, it is usually about 0.1-20 mm. 

[0024]As a metal membrane in the measuring chip for biosensors of this invention, when the object for surface- 
plasmon-resonance biosensors is considered, especially if it seems that surface plasmon resonance may arise, it 
will not be limited, for example, gold, silver, copper, aluminum, platinum, etc. are mentioned as a kind of metal which 
can be used for this metal membrane — them — it can be used, being able to be independent or combining. In 
consideration of the adhesion to the above-mentioned substrate, the intervening layer which consists of chromium 
etc. may be provided between the layers consisting of a substrate, gold, silver, etc. 

[0025]Although the thickness of a metal membrane is arbitrary, when the object for surface-plasmon-resonance 
biosensors is considered for example, it is preferred that it is 100-2000 A, and it is especially preferred that it is 
200-600 A. If it exceeds 3000 A, the surface plasmon phenomenon of a medium cannot be detected enough. As 
for the thickness of the intervening layer, when providing the intervening layer which consists of chromium etc., it 
is preferred that it is 5-50 A. What is necessary is just to perform formation of a metal membrane with a 
conventional method, and it can carry out by a sputtering method, vacuum deposition, the ion plating method, 
electroplating, a nonelectrolytic plating method, etc. 

[0026]Next, the compound denoted by the formula (1) used by this invention is explained. In a formula (1), if X is a 
functional group which can form a surface of metal and a covalent bond, the kind in particular will not be limited. X 
preferably A thiol (-SH), isonitrile, nitro (-N0 2 ), Selenol (-SeH), trivalent phosphorus compounds, an isothiocyanate, 
xanthate, A thio carbamate, phosphine, thio acid (-COSH), dithioic acid (-CSSH), Asymmetry or a symmetric 
disulfide [-SSA 1 (-Y 1 ) m1 (~Z 1 ) n1 l A sulfide [-SA 1 (-Y 1 ) m1 (~Z 1 ) n1 ], Diselenide [-SeSeA 1 (-Y 1 ) m1 (~Z 1 ) n1 ], Or 
selenide [-SeA^-Y 1 ) m1 ("Z 1 ) n1 l is shown, and here A 1 , The connecting group more than trivalent [ which is 
chosen from the amino acid residue which is not replaced / substitution or /, an aliphatic group, an aromatic group, 
heterocycle groups, or such combination ] is shown, The functional group which Y 1 can combine with a 
physiological active substance, and the functional group in which Z can improve the performance of a sensor are 
shown, and ml and n1 show one or more integers. 

[0027]Especially preferably, X is a thiol (-SH), asymmetry, or a symmetric disulfide [-SSA 1 (- Y 1 ) m1 (- Z 1 ) n1 ], and 

X is a thiol (-SH) most preferably. [0028]In a formula (1), A and A shows the connecting group more than trivalent 
[ which is chosen from the amino acid which is not replaced / substitution or /, an aliphatic group, an aromatic 
group, heterocycle groups, or such combination ]. The basis from which the same basis also differs may be 
sufficient as A and A 1 . As for A and A 1 , it is preferred that it is a hydrocarbon group. The connecting group more 
than trivalent [ which A and A 1 shows ] is preferred, chain length's atomic number is ten or less, and chain length's 
atomic number is eight or less more preferably. 

[0029]As amino acid of amino acid residue, a glycine, an alanine, etc. besides the cystein coupled directly with 
metal may be mentioned, and the peptide polymerized and formed may be sufficient as them. As an aliphatic group, 
an alkylene group, an alkenylene group, or alkynylene group may be included, and any of a straight chain, branched 
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chain, cyclic chains, or such combination may be sufficient as the form of a chain. Especially as an aliphatic group, 
an alkylene group is preferred and is an alkylene group of a straight chain most preferably. Although the length in 
particular of an aliphatic group is not limited, for example it is the carbon numbers 1-20, is about one to ten carbon 
number more preferably, and is about two to ten carbon number especially preferably. As an aromatic group, an 
allylene group etc. are mentioned and a phenylene group, a naphthylene group, etc. are specifically mentioned. 
[0030]A monocycle or a condensed ring of the saturation of 5 or 7 members or an unsaturation etc. which contains 
as heterocycle one or more sorts of one or more hetero atoms chosen from a nitrogen atom, an oxygen atom, or a 
sulfur atom is mentioned, Specifically Pyridine, quinoline, an isoquinoline, pyrimidine, pyrazine, Pyridazine, 
phthalazine, triazine, a franc, a thiophene, pyrrole, oxazol, benzooxazol, a thiazole, benzothiazole, imidazole, 
benzimidazole, thiadiazole, triazole, etc. are mentioned. A heterocycle group means the divalent basis derived from 
heterocycle which was described above. 

[0031 ]The connecting group more than trivalent [ which is denoted by A and A 1 ] may comprise combination of an 
aliphatic group and an aromatic group which were described above, or a heterocycle group. If the valence of the 
connecting group denoted by A and A 1 is more than trivalent, although the maximum in particular is not limited, it 
is below tetravalence more preferably and below pentavalence is trivalent most preferably. When the valence of the 
connecting group denoted by A and A 1 is more than tetravalence, A can have a substituent denoted by the 
substituent and/ or two or more -Z which are denoted by two or more -Y. 

[0032]In a formula (1), Y can show a functional group combinable with a physiological active substance, and the 
kind of the functional group can be suitably chosen according to the kind of physiological active substance to fix. 
Generally, Y is -OH, -COOH, -NH 2 , -CHO, -NHNH 2 , -NCS, an epoxy group, or a vinyl group. 
[0033]ln a formula (1), the functional group etc. which can control the denaturation of the analyte which Z shows 
the functional group which can improve the performance of a sensor, for example, interacts with a physiological 
active substance or its physiological active substance, or physical adsorption to a surface of metal are mentioned. 
Such a functional group can be suitably chosen according to the kind of physiological active substance to fix as a 
different basis from a functional group combinable with the physiological active substance shown by Y. Generally, Y 
is -OH, -COOH, -NH 2 , and _ S0 3 H, alkyl ester or aryl ester, sugar, nucleic acid, protein, or water-soluble polymer 
(for example, hydrophilic radicals, such as a polyoxyethylene). 

[0034]In a formula (1), respectively m, n, ml, and n1 show one or more integers, they show 1 to 10 preferably 
independently, show 1 to 5 more preferably, show 1 to 2 still more preferably, and are 1 most preferably. 
[0035]The number of the intramoleculars of the functional groups Y and Z of a compound denoted by a formula (1) 
can be suitably chosen according to the kind of physiological active substance, an experimental condition, etc. The 
functional group generally denoted by Y of a formula (1): The mole ratio in the intramolecular of a functional group 
denoted by Z of a formula (1) is within the limits of 1:10 to 10:1, is within the limits of 1:5 to 5:1 preferably, and is 
1:1 especially preferably. Since the operation effect of a functional group denoted by Z of controlling physical 
adsorption of a physiological active substance when the ratio of the functional group denoted by Y of a formula (1 ) 
is higher than this becomes low, if it is not desirable and the ratio of the compound denoted by Y of a formula (1 ) is 
lower than this, The efficiency of immobilization of a physiological active substance falls and it is not desirable. As 
for the ratio of the functional group denoted by Y of a formula (1 ), and the functional group denoted by Z of a 
formula (1), it is desirable to determine in consideration of the balance of the efficiency of immobilization of a 
physiological active substance and the operation effect which controls physical adsorption of a physiological active 
substance. 

[0036]According to the especially desirable mode of this invention, the compound denoted by a formula (1), The 
peptide in which the length which amino acid condensed contains the cystein more than dipeptide in both the 
amino group of cystein, or both [ which, one of the two or ], or those derivatives, Or the compounds whose peptide 
containing those cysteins is the peptide which formed the cystine derivative of the dimer by the SS linkage, or 
those derivatives and which are denoted by a formula (1 ) are a reduction type, oxidized glutathiones, or those 
derivatives still more preferably. [0037]The functional group which can carry out the covalent bond of the 
physiological active substance in this invention. (Namely, the functional group denoted by the above-mentioned Y 
of formula (1)), and the functional group which can improve the performance of a sensor (that is, it is a functional 
group denoted by Z of the above-mentioned formula (1), and preferably) the compound which can control 
denaturation by physical adsorption of the analyte which interacts with a physiological active substance or its 
physiological active substance — it is — by processing a metal membrane with the solution containing the 
compound which it has, a physiological active substance is stably fixable in a surface of metal via a covalent bond. 
[0038]In this invention, the surface for biosensors is produced by processing a surface of metal or a metal 
membrane using the mixture containing the compound of the above-mentioned formula (1). The surface for 
biosensors is producible by dipping a surface of metal or a metal membrane into the solution which specifically 
mixed the compound denoted by a formula (1) in suitable solvents (for example, water, ethanol, etc.) by the mole 
ratio of the suitable range which the functional groups Y and Z described above, and performing a surface 
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treatment for a definite period of time. 

[0039]As a method of processing a surface of metal or a metal membrane using the mixture containing the 
compound denoted by a formula (1), The method (the spin coating method) of using a spin coater besides the 
method (dip coating) of immersing a metal membrane etc. for a definite period of time into the mixed solution 
which contains this compound as mentioned above, the method (the photogravure method) of using a photogravure 
printing machine, etc. can be illustrated. 

[0040]The surface for biosensors produced by performing it above has a compound denoted by the surface by a 
formula (1). According to this invention, to the compound denoted by the formula (1) fixed by the surface for 
biosensors A direct or cross-linking compound. The method of fixing a physiological active substance in a surface 
of metal or a metal membrane is provided by combining a physiological active substance by a covalent bond via (for 
example, a water-soluble multivalent nature reagent) etc. or hydrogels. 

[0041]As a cross-linking compound, for example Glutaraldehyde, periodic acid, N-succinimidyl 2-maleimide acetic 
acid, N-succinimidyl 4-maleimide butanoic acid, N-succinimidyl 6-maleimide hexanoic acid, N-succinimidyl 
4-maleimide methylcyclohexane 1-carboxylic acid, N-sulphosuccinimidyl 4-maleimide methylcyclohexane 
1-carboxylic acid, N-succinimidyl 4-maleimide methylbenzoic acid, N-succinimidyl 3-maleimide benzoic acid, 
N-sulphosuccinimidyl 3-maleimide benzoic acid, N-succinimidyl 4-maleimide phenyl-4-butanoic acid, 
N-sulphosuccinimidyl 4-maleimide phenyl-4-butanoic acid, NN'-oxydi methylene-dimaleimido, NN'-O-phenylene- 
dimaleimido, N,N'-m-phenylene-dimaleimido, N,N'-p-phenylene-dimaleimido, N,N'-hexamethylene dimaleimido, 
N-succinimidyl maleimide carboxylic acid, N-succinimidyl S-acetylmercaptoacetic acid, N-succinimidyl 
3-(2-pyridyl dithio) propionate, S-acetylmercapto SUKUSHINIKKUANHI dried **. A methyl-3-(4'-dithiopyridyl) pro 
PIONIMI date, methyl-4-mercaptobutyl imidate, A methyl-3-mercapto pro PIONIMI date, imino CHIOREN, 
O-carboxymethyl hydroxylamine, Azodiphenyl BIRUMAREIMIDO, bis(sulfo SAKUSHINIIMIJIRU)SUPEREITO, A 
4,4'-JIISO thiocyano 2,2'-disulfon acid stilbene, 4,4'-difluoro-3,3'-dinitro diphenylsulfone, 1 ,5-difluoro- 
2,4-dinitrobenzene, p-Feni range isothiocyanate, dimethyl horse mackerel PIMIDEITO, dimethyl PIMERU imidate, 
Dimethyl SUBERU imidate, p-azide FENA acyl star's picture, p-azidophenyl griot KISARU, N-hydroxy SAKUSHINII 
Mizil 4-azide benzoate, 4-fluoro-3-nitrophenyl azide, Methyl-4-azidobenzo imidate, N-5-azide 2-nitrobenzoyloxy 
SUKUSHI imide, N-SUKUSHIIMIJIRU 6-(4'-azide 2'-nitrophenyl amino) hexanoate, 1, 4 benzoquinone, 
N-succinimidyl 3-(2'-pyridyl dithio) propionate, N-(4-maleimide BUCHIRIROKISHI) sulfosuccinimide sodium salt, 
N-(6-maleimide KAPURO yloxy) sulfosuccinimide sodium salt, N-(8-maleimide KAPURO yloxy) sulfosuccinimide 
sodium salt, N-(1 1 -maleimide undecanone yloxy) sulfosuccinimide sodium salt, N-[2-(1-piperazinyl) ethyl] 
maleimide 2 chloride, screwdiazobenzidine, Hexamethylene di-isocyanate, toluene diisocyanate, hexamethylene 
JIISO thiocyanate, N,N'-ethylenebis maleimide, a N,N'-polymethylene screw iodoacetamide, The carbodiimide 
derivative by which 2, 4-dinitrobenzene sulfonate sodium salt, a diazo compound, or a condensation reagent is 
expressed with RN=C=NR (or R'), N-hydroxy SUKUSHI imide, tri-n-butylamine, butylchloro FORUMETE, an 
isobutylisocyanide, etc. are mentioned. 

[0042]As hydrogel, agarose, dextran, a kitchen, chitosan, The polysaccharide chosen from the group which consists 
of the carrageenin, hyaluronic acid, chondroitin sulfate, alginic acid, starch, and cellulose, or ones of these 
derivatives, And synthetic polycarboxylic acid, such as polyacrylic acid and polymethacrylic acid, Synthetic 
polycarboxylic acid amide, such as polyhydroxy alkyl carboxylate, such as poly HEMA, and polyacrylamide, Oligomer 
and polymer which have polyvinyl alcohol and ethylene glycol units, The hydrophilic polymer etc. which consist of a 
derivative of at least 1 compound chosen from polypeptides, such as polyglutamic acid, polyaspartic acid, gelatin, 
and collagen, and a dendrimer and/or this compound are mentioned. As for hydrogel, since a desired physiological 
active substance is fixed, it is preferred to be derivatized so that reactant groups, such as a hydroxyl group, 
carboxyl, amino ** aldehyde, carbonyl, epoxy, or a vinyl group, may be included. 

[0043]As a physiological active substance fixed on the surface for biosensors of this invention, Especially if it 
interacts with a measuring object, will not be limited, but For example, immune proteins, Polypeptide or 
oligopeptide etc. which has a sugar chain which recognizes an enzyme, a microorganism, nucleic acid, a low 
molecule organic compound, non-immune proteins, immunoglobulin unity protein, sugar unity protein, and sugar, 
fatty acid, fatty acid ester, or ligand binding ability is mentioned. 

[0044]As immune proteins, an antibody, hapten, etc. which use a measuring object as an antigen can be illustrated. 
As an antibody, various immunoglobulins, i.e., IgG, IgM, IgA, IgE, and IgD can be used. If a measuring object is a 
human serum albumin, specifically, an anti human serum albumin antibody can be used as an antibody. In using 
agricultural chemicals, an insecticide, methicillin resistant Staphylococcus aureus, an antibiotic, narcotics, cocaine, 
heroin, a crack, etc. as an antigen, For example, the antibody to O antigens 26, 86, 55, and 111, 157, etc., etc. can 
be used in an anti-Atrazine antibody, an anti-kanamycin antibody, an anti-methamphetamine antibody, or an E. coli 
bacillus. 

[0045]As an enzyme, various enzymes, for example, redox enzyme, hydrolase, isomerase, lyase, synthetic enzyme, 
etc. can be used, without being especially limited, if activity is shown to the substance metabolized from a 
measuring object or a measuring object. If a measuring object is glucose and a measuring object is cholesterol 
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about glucose oxidase, specifically, cholesterol oxidase can be used. In using agricultural chemicals, an insecticide, 
methicillin resistant Staphylococcus aureus, an antibiotic, narcotics, cocaine, heroin, a crack, etc. as a measuring 
object, The substance and specific reaction which are metabolized from them are shown, for example, enzymes, 
such as acetylcholineaterase, catecholamine esterase, noradrenalin esterase, and dopamine esterase, can be used. 
[0046]Various microorganisms including Escherichia coli can be used especially as a microorganism, without being 
limited. As nucleic acid, the nucleic acid made into the object of measurement and the thing hybridized 
complementarily can be used. Both DNA (cDNA is included) and RNA can be used for nucleic acid. The kind in 
particular of DNA may not be limited but any of DNA of natural origin, the recombinant DNA prepared with gene 
modification technology, or chemosynthesis DNA may be sufficient as it It is a compound which has a functional 
group which arbitrary compounds compoundable by the method of the usual Organic Chemistry Division 
composition as a low molecule organic compound are mentioned, and can be preferably combined via the linker 
compound [ of the general formula I ], direct, or cross-linking compound used by this invention. 
[0047]Especially as non-immune proteins, avidin (streptoavidin), biotin, or a receptor can be used, for example, 
without being limited. As immunoglobulin unity protein, protein A or the protein G, a rheumatoid factor (RF), etc. 
can be used, for example. Lectin etc. are mentioned as sugar unity protein. As fatty acid or fatty acid ester, stearic 
acid, arachidic acid, behenic acid, stearic acid ethyl, ethyl arachidate, behenic acid ethyl, etc. are mentioned. 
[0048]When physiological active substances are protein or nucleic acid, such as an antibody and an enzyme, the 
amino group of a physiological active substance, a thiol group, etc. can be used, and the immobilization can be 
performed by carrying out a covalent bond to the functional group of a surface of metal. 

[0049]The surface for biosensors which had the physiological active substance fixed as mentioned above can be 
used as a measuring chip for biosensors for detection of the substance which interacts with the physiological 
active substance concerned, and/or measurement. 

[0050]That is, according to this invention, the method of detecting and/or measuring the substance which 
interacts with the physiological active substance fixed by this surface for biosensors is provided by contacting an 
examined substance to this using the measuring chip for biosensors of this invention in which the physiological 
active substance was fixed. If it is considered as an examined substance, the sample containing the substance 
which interacts with the above-mentioned physiological active substance can be used. 

[0051]lt is preferred to detect and/or measure the interaction of the physiological active substance and examined 
substance which are fixed by the surface for biosensors with a non-electrochemical process in this invention. As a 
non-electrochemical process, surface-plasmon-resonance (SPR) measuring technique, crystal oscillator 
microbalance (QCM) measuring technique, the measuring technique that uses the functionalization surface from a 
golden colloidal particle to an ultrafine particle, etc. are mentioned. 

[0052]According to the desirable mode of this invention, the measuring chip for biosensors of this invention can be 
used as a measuring chip for surface-plasmon-resonance biosensors, having the metal membrane arranged on a 
transparent base for example. With the measuring chip for surface-plasmon-resonance biosensors, It is a chip 
used for a surface-plasmon-resonance biosensor, the component containing the portion which penetrates and 
reflects the light irradiated from this sensor, and the portion which fixes a physiological active substance may be 
said, and it may adhere to the main part of this sensor, and desorbs. 

[0053]A sample can be analyzed by the intensity of the monochromatic light in which glass etc. were optically 
reflected from the boundary of a transparent substance and metallic thin film layer depending the phenomenon of 
surface plasmon resonance on it being dependent on the refractive index of the sample in the metal's outgoing 
radiation side, and measuring the intensity of the monochromatic light reflected. 
[0054] 

[Working example]Although the following working examples explain this invention still more concretely, the range of 
this invention is not limited to these working examples. 

Working example 1 : Production of the surface for bio sensor chips :. (1 ) In addition to a thiol two functional groups. 
Production of the surface for biosensors using the SAM reagent [ water-soluble ]-glutathione which it has: 1 cm 
with a 50-nm golden vacuum evaporation film (after processing the cover glass which is 1 cm with a Model- 
208UV-ozone cleaning system (TECHNOVISION INC.) for 30 minutes) It dipped in the solution of 1mM glutathione 
(reduction type), and incubated at 25 ** for 1 8 hours. Then, 40 ** water washed 1 0 times for the chip surface. 
[0055](2) Production of the surface for biosensors with the compound (7-carboxy-1-heptanethiol) in which only 
one has a functional group as the comparative example 1 in addition to a thiol : 1 cm whose golden vacuum 
evaporation film is 50 nm (after processing the cover glass which is 1 cm with an ozone cleaner for 30 minutes) it 
dipped in the ethanol solution of the 7-carboxy-1-heptanethiol (said — Renhua — study) of 1mM, and the surface 
treatment was performed at 25 ** for 18 hours. Then, five ethanol, and ethanol/water mixed solvent washed, and 
the chip was washed once 5 times with water at 40 **. 

(3) As the comparative example 2, it dipped in the solution of L-cysteine (Wako Pure Chem) of 1mM, and the 
surface treatment of a golden vacuum evaporation film and washing were performed by the same method as 
processing by glutathione. 
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[0056]Working-example 2: The quality assessment of the surface for bio sensor chips: Each chip produced in 
working example 1 was installed on the cartridge block of a commercial surface-plasmon-resonance biosensor 
(beer core company make, BIAcore3000), and it experimented by the method of maker recommendation. 
(1) Measurement of un-unique combination of the protein to the chip for measurement immobilization of un-unique 
combination of the protein to the chip for immobilization was performed as follows (the chip for immobilization was 
made to react to protein without an activator). It is more desirable for protein not to adsorb. Hazama casting and 
the amount of physical adsorption of protein A were measured [ the produced chip ] for 10mM acetic acid buffer 
solution (pH 4.5) of 40mg/ml of protein A as it was for 10 minutes. The amount of non-specific adsorption of 
Hazama casting and rabbit IgG was measured for the HBS buffer solution of pH 7 of 1 5 microg/ml rabbit IgG for 10 
minutes. The rate of flow used a part for 1 0microL/. Respectively, the resonance signal of 1 0 minutes after (RU) 
was made into the index of physical adsorption. 

[0057](2) Measurement of the measurement protein interaction of a protein interaction was performed as follows. 
70micro of mixed liquor L of a 1-ethyl-2,3-dimethylaminopropylcarbodiimide (400mM) and N-hydroxysuccinimide 
OOOmM) is slushed into a measuring cell for the chip for physiological active substance immobilization by 10micro 
of rates-of-flow L/min, Protein A was fixed to the chip by slushing 10mM acetic acid buffer solution solution (pH 
4.5) of 40mg/ml of protein A for 30 minutes. Then, by 1 M ethanolamine (pH 8) of 70microL, 1 0mM glycine and 
chloride buffer solution of 10microL (pH 2) were slushed into the measuring cell after decomposing unreacted 
components, and the fixed protein A was washed. Light intensity was measured for rabbit IgG diluted [ ml ] in 15 
microg /to the measuring cell which fixed protein A with the sink for 1 0 minutes by a part for 10micro of rates- 
of-flow L/, and it was asked for the resonance signal. Resonance signal variation (RU) by protein A immobilization 
and united resonance signal variation (RU) of IgG were made into the desirable index. 

[0058](3) The amount of physical adsorption of the ligand (protein A) of the chip surface which carried out the 
surface modification according to glutathione and 7-carboxy-1 -heptanethiol and L-cysteine to the result table 1 , 
The amount of immobilization by the covalent bond of ligand (protein A), the amount of specific bindings of analyte 
(rabbit IgG), and the nonspecific coupling amount of analyte (rabbit IgG) are shown. 
[0059] 
[Table 1] 
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[0060]The result of Table 1 shows that proteinic physical adsorption and a nonspecific combination decreased as 
compared with the 7-carboxy-1 -heptanethiol and cystein which are comparative examples by performing a surface 
treatment by glutathione. Although the amount of immobilization of the protein A fixed by the chip is comparable 
similarly by performing a surface treatment by glutathione, it turns out that the amount of immobilization of rabbit 
IgG acted as Kougami relatively. This result shows that the avidity of the protein A after immobilization was held 
relatively. 
[0061] 

[Effect of the Invention]By this invention, the surface of metal by glutathione, As compared with the surface 
treatment in 7-carboxy-1 -heptanethiol or cystein, almost all molecules have maintained activity for the 
physiological active substance. It is a means for fixing, and un-****** physical adsorption and un-unique 
combination could be reduced, without dropping out, and it became possible to provide the method that a 
processing process is simple and it is reliable. 



[Translation done.] 
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